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(54) Phase change optical recording medium and process for manufacturing same 



(57) In a phase change optical recording medium in 
which writing, reading and/or erasing of information is 
conducted by utilizing change of phase of a recording 
layer by irradiation with light, the recording layer is made 
of a material containing oxygen in an amount of 1 to 30 
atomic %; or the recording medium comprises an addi- 
tional transparent dielectric layer 1 to 10 nm thick be- 
tween the recording layer and the underlying transpar- 



ent dielectric layer and the inserted transparent dielec- 
tric layer in contact with the recording layer comprising 
oxygen in a molar ratio greater than a molar ratio of ox- 
ygen in the underlying transparent dielectric layer; or the 
transparent dielectric layer underlying and in contact 
with the recording layer comprises oxygen in a molar 
ratio greater than a molar ratio of oxygen in the other 
transparent dielectric layer. 
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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the Invention 

The present invention relates to a phase change optical recording medium, in which writing, reading and/or erasing 
of information is conducted by utilizing a change of phase of a recording layer by irradiation with light, and to a process 
for manufacturing the same. 

10 

2. Description of the Related Art 

The phase change optical recording medium utilizes, for recording information, a reversible structural change 
(phase change) between an amorphous state and a crystalline state of a material created by irradiation with light, 
is particularly a laser beam. Such a phase change optical recording medium may have a high storage capacity. 

As a result, a phase change optical recording medium with a high speed erase and rewrite of written information 
performance has been sought. To attain this, it is essential to have a stable repeated overwrite operation. Overwrite 
means writing new information over previously written information while it is being erased. It is preferred that the possible 
number of repeatable times of erasing and writing is high. 
20 A phase change optical recording medium is commercially available as a rewritable optical recording disc. For 

example, a 120 nm phase change optical recording disc is commercially available. A typical disc comprises a stack 
structure of a polycarbonate, a first dielectric layer of ZnS-Si0 2 , a phase change recording layer of GeSbTe, a second 
dielectric layer of ZnS-Si0 2 , a reflective layer of an Al alloy and a UV-cured organic resin coated layer in this order. 
The level of erase or overwrite repetition durability (cyclability) of these commercially available discs is practically 
25 acceptable, but it is still desired that this repetition durability is further improved from the viewpoint of the reliability of 
the products. It is also desired that the cyclability is further improved from the viewpoint of the production yield since 
the durability is largely influenced by the conditions of production such as sputtering conditions. 

Further, since a high density overwrite disc which is now under development uses a mark edge recording method, 
deterioration of the recording layer by repeated overwrite significantly adversely affects the quality of the signal and 
30 the overwrite repetition durability is important. 

It is known that the repeating overwrite characteristics are influenced by various properties of the materials of the 
recording layer and protecting layers. Thus, as a material for a recording layer, for example, GeSbTe is known. It is 
reported that a compositional ratio Ge:Sb:Te in a range of 2:2:5 to 2:2.5:5 provides an excellent repetition characteristic. 
It is also reported that a recording layer in which Cr or N is added to GeSbTe allows further improvement of repetition 
35 characteristic. 

In a phase change optical recording medium, recording is effected by making a recording layer amorphous by 
rapid cooling after melting with a high power laser beam irradiation and erasing is effected by making a recording layer 
crystalline by a gradual cooling after heating with a medium power laser beam irradiation. In order to record and store 
information, a stable operation in a large number of repetitions of writing and erasing is essential. However, since the 

40 write and erase operations involve repetition of rapid heating by more than 300°C, melting and cooling, a recording 
layer and protecting layers are thermally damaged, the material of a recording layer flows and is deformed, and/or 
segregation may occur depending on the composition of a recording layer, so that the information quality is deteriorated 
and the number of stable repeated operation of write and erase is limited. 

To improve the write and erase repetition characteristic, there are proposed a selection of a composition of a 

45 recording layer with less segregation, a suppression of thermal damage by using a small thermal expansion coefficient 
material in a protecting layer, provision of an adhesive layer between a recording layer and a protecting layer so as to 
suppress flow and deformation of a recording layer, and so on. 

Also, it is reported that limiting an oxygen content in a recording layer to not more than 2000 ppm can significantly 
reduce mass flow in the recording layer and allows a stable repetition characteristic be obtained in a wide laser power 

50 range (Japanese Unexamined Patent Publication (Kokai) No. 04-329183). 

Further, it is reported that inclusion of oxygen in a recording layer improves a repetition characteristic (Japanese 
Unexamined Patent Publication (Kokai) No. 04-119885). However, the amount of oxygen added to a recording layer 
is limited, so as not to change the physical properties of the recording layer, by selecting a sputtering atmosphere 
having an oxygen partial pressure in a range of 5 X 10' 5 Torr to 1 X 10 -4 Torr. 

55 Nevertheless, it is still desired that the rewrite repetition characteristic of a phase change optical recording medium 

is further improved. 

Therefore, an object of the present invention is to solve the above problems, to improve the overwrite and erase 
repetition durability and to provide a phase change optical recording medium which allows stable rewriting and reading. 
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The following materials, as examples, have been developed as the materials for a protecting layer: non-oxides 
such as an Al nitride, a Si nitride, MgF 2 and AIF 3 , oxides such as Si0 2 , Al 2 0 3 , ZrC 2 and Ti0 2 , chalcogenides such as 
ZnS, mixtures of achalcogenideandan oxide such as a mixture of ZnZ-Si0 2 , and the like. These materials are deposited 
as a thin layer by a known method and are used as protecting layers but the obtained discs do not allow a sufficient 

s number of repetitions of overwriting. 

The protecting layer of a phase change optical recording medium must be excellent in heat resistance and me- 
chanical properties, since it is subjected to thermal and mechanical loads during writing and erasing, and also must 
have a function of protecting the recording layer during storage of the optical medium. Further, it must have a low 
thermal conductivity from the viewpoints of recording sensitivity and repetition durability. 

10 The protecting layer of an oxide or nitride has a weak adhesive force with a recording layer comprising a chalcogen. 

As a result, during storage in a high temperature and humidity environment, the protecting layer may peel off or cracks 
may be formed in the protecting layer. Partly due to a weakness in the adhesive force between the protecting layer 
and the recording layer, heating supplied to the recording layer from a laser beam is not dissipated at an appropriate 
rate and the recording marks are connected with each other and the material may flow in one direction, resulting in 

15 reduction in the number of erase and overwrite repetitions. 

Some methods have been proposed to improve the erase and overwrite repetition property. For example, Japanese 
Unexamined Patent Publication (Kokai) No. 06-139615 reported that provision of an adhesive layer of AlgC^, Ge0 2 , 
Si0 2 , Ta 2 O s , Y 2 0 3 or the like between a protecting layer and a reflective layer and/or between a protecting layer and 
a recording layer improves the number of erase and overwrite repetitions. 

20 Japanese Unexamined Patent Publication (Kokai) No. 06-314439 reported that in an optical recording medium 

comprising a substrate, a first dielectric layer of ZnS*Si0 2 , a second dielectric layer of ZnS-Si0 2 , a recording layer, a 
third dielectric layer of ZnS*Si0 2 , a fourth dielectric layer of ZnS*Si0 2 , and a reflective layer, the layer strength is 
improved by including nitrogen in the first and/or fourth dielectric layers, and adhesion of a recording layer and protecting 
layers is improved by deposited the second and third dielectric layers in a rare gas atmosphere. 

25 The effect of improving the number of erase and overwrite repetition is not sufficient in each of the above proposals. 

In accordance .with an investigation by the inventors, the following conditions must be met to have a sufficient 
erase and overwrite repetition durability: (1) The wettability between an adhesive layer and a recording layer of a 
chalcogenide which is fused and made amorphous must be excellent, and the adhesive layer must not deteriorate by 
being repeatedly exposed to high temperatures. (2) The layers must have a sufficient adhesion with each other. (3) 

30 The adhesion of the adhesive layer with the reflective layer must be excellent. 

In the prior art, only the adhesion of the adhesive layer with the recording layer is considered but the adhesion of 
the adhesive layer with the reflective layer is often not considered, which is one of the reasons why a sufficient erase 
and overwrite repetition durability was not obtained. 

Since an excess laser power may deteriorate the repetition durability, the heat conduction coefficients of the ad- 

3S hesive layer and the protecting layer must be sufficiently small, in order to have a sufficient recording sensitivity at a 
low laser power, which is required for a practical disc medium. 

From these requirements, the above reports and proposals of the prior art may be considered as below: 
Japanese Unexamined Patent Publication (Kokai) No. 06-139615 adopts an adhesive layer of an oxide. It is con- 
sidered that a chalcogen-containing recording layer has a low affinity with an oxide and therefore does not have a 

40 sufficient adhesion with the oxide adhesive layer. Even if adhesion between an oxide adhesive layer and a non-fused 
recording layer is excellent, the wettability between an oxide adhesive layer and a recording layer is low, which results 
in repellence and flow of the fused material of the recording layer and results in insufficient repetition durability of the 
disc. It is also supposed that one of the reasons for the insufficient repetition durability is a lack of consideration of the 
heat resistance of the protecting layer, which causes a change in the crystallinity of the protecting layer by repeated 

45 heating and thus deterioration of the repetition durability. 

In Japanese Unexamined Patent Publication (Kokai) No. 06-314439, a dielectric layer of ZnS SiO^ deposited in a 
rare gas atmosphere may tend to have oxygen in an amount less than the stoichiometric amount and therefore have 
a non-smooth or rough surface, and a recording layer formed on the non-smooth surface of the dielectric layer has a 
weak bond to the dielectric layer and may easily be peeled or cracked during repeated overwriting and erasing. This 

50 js considered to be one reason for a insufficient repetition durability. Control of the oxygen content requires deposition 
under delicate conditions or under narrow conditions, which decreases the productivity. Although a dielectric layer of 
ZnS-Si0 2 containing nitrogen and/or oxygen has an improved layer strength, the adhesive force of the layer to a sub- 
strate and a reflective layer is low so that the repetition durability is lowered. 

The object of the present invention is to solve the above problems, improve the adhesion of a protecting layer with 

55 a recording layer and provide a phase change optical recording medium without peeling, cracking or flow of a layer. 
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SUMMARY OF THE INVENTION 

The present invention, which attains the above objects, resides in a phase change optical recording medium in 
which writing, reading and/or erasing of information is conducted by utilizing change of phase of a recording layer by 
s irradiation with light, said recording medium comprising a substrate, a first transparent dielectric layer on the substrate, 
a recording layer on the first transparent dielectric layer, a second transparent dielectric layer on the recording layer, 
and a reflective layer on the second transparent dielectric layer, an improvement beingcomprisedof one of the following: 

1) said recording layer is made of a material containing oxygen in an amount of 1 to 30 atomic %, preferably 3 to 
10 5 atomic %, based on the recording layer; 

2) said recording medium further comprises a third transparent dielectric layer between said first transparent die- 
lectric layer and said recording layer, said third transparent dielectric layer contacting with said recording layer and 
containing oxygen in a molar ratio greater than a molar ratio of oxygen in said first transparent dielectric layer (or 
containing an oxide which contains oxygen in a molar ratio based on said oxide greater than a molar ratio of oxygen 

15 in an oxide in said first transparent dielectric layer), said third transparent dielectric layer having a thickness of 1 

to 10 nm; and 

3) said first transparent dielectric layer in contact with said recording layer contains oxygen in a molar ratio greater 
than a molar ratio of oxygen in sard first transparent dielectric layer (or contains an oxide which contains oxygen 
in a molar ratio based on said oxide greater than a molar ratio of oxygen in an oxide in said second transparent 

20 dielectric layer). 

In accordance with the present invention, there is also provided a process for manufacturing a phase change 
optical recording medium in which writing, reading and/or erasing of information is conducted by utilizing change of 
phase of a recording layer by irradiation with light, said process comprising the steps of preparing a substrate, forming 
25 a first transparent dielectric layer on the substrate, forming a recording layer on the first transparent dielectric layer, 
forming a second transparent dielectric layer on the recording layer, and forming a reflective layer on the second 
transparent dielectric layer, an improvement being comprised of one of the following: 

1 ) said recording layer is deposited by sputtering conducted in an atmosphere in which at least one oxygen atom- 
30 containing gas is included; 

2) said process further comprises a step of forming a third transparent dielectric layer between said first transparent 
dielectric layer and said recording layer, said first and second transparent dielectric layers being formed by sput- 
tering in a rare gas atmosphere and said third transparent dielectric layers being formed by sputtering in an at- 
mosphere comprising a gaseous mixture of at least one oxygen atom -containing gas and a rare gas, said third 

35 transparent dielectric layer having a thickness of 1 to 10 nm and being in contact with said recording layer; and 

3) said first transparent dielectric layer is formed by sputtering in an atmosphere comprising a gaseous mixture of 
at least one oxygen atom-containing gas and a rare gas, and said second transparent dielectric layer is formed 
by sputtering in a rare gas atmosphere. 

40 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a cross-sectional view of a phase change optical recording medium; 

Fig. 2 is a cross-sectional view of another phase change optical recording medium; 

Fig. 3 is a cross-sectional view of a further phase change optical recording medium. 

45 

DESCRIPTIONS OF THE PREFERRED EMBODIMENTS 

(1 ) In a first embodiment of the present invention, the recording layer of a phase change optical recording medium 
comprises oxygen in an amount of 1 to 30 atomic %. By this inclusion of oxygen in an amount of 1 to 30 atomic % 

50 based on the recording layer, peeling, cracking and flow of the recording layer and other causes for reducing the 
repetition durability are prevented and a phase change optical recording medium having a stable overwrite and erase 
characteristic is provided. If the amount of the oxygen is less than 1 atomic %, the effect of preventing flow, etc. of the 
recording layer is insufficient and therefore an improvement of the repetition durability cannot be obtained. If the amount 
of the oxygen is more than 30 atomic %, the recording layer is excessively oxidized so that stable operation of repeated 

55 overwrite and erase cannot be obtained and thus the repetition durability decreases. Also, when the amount of the 
oxygen is more than 30 atomic %, an optical medium cannot have an appropriate sensitivity or an appropriate reflectivity. 

The oxygen-containing recording layer of the present invention is preferably a recording layer containing Ge, Sb 
and Te which is excellent in repeated erase and write characteristics. It is preferable that the recording layer comprises 
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Ge, Sb and Te in an amount of at least 90 atomic % based on the remainder of the recording layer when oxygen is 
excluded. The recording layer preferably has a thickness of 5 to 40 nm, more preferably 10 to 30 nm. If the thickness 
of the recording layer is less than 5 nm, sufficient recording characteristics are not obtained. If the thickness of this 
layer is more than 40 nm, the recording layer tends to flow resulting in deterioration of the repetition durability. 

s The oxygen-containing recording layer of the present invention may be preferably formed by sputtering in a mixed 

gas of Ar or another rare gas and at least one oxygen-containing gas such as H 2 0 gas, C0 2 gas and CO gas. The 
other oxygen-containing gas includes CH 3 OCH 3 , CH 3 OH and CH 3 COCH 3 . The method of introducing the oxygen- 
containing gas to the atmosphere is not particularly limited. The mixed gas may include nitrogen (Ng) gas. 

The transparent dielectric layer, i.e., the protecting layer, is preferably in an amorphous state having a suitable 

10 refractive index, typically 1 .8 to 2.6. Here, the term "an amorphous state" means that the layer does not have definite 
diffraction peaks in a diffraction spectrum chart by the X-ray diffraction method used as a crystal analysis method, but 
it is acceptable that broad spectrums having a full width half maximum of about 5 degrees or more appear in a diffraction 
spectra chart with the abscissa being 29. Due to the amorphous state of the protecting layer, both the adhesion with 
the crystalline recording layer and with the reflective layer are simultaneously excellent. Such a protecting layer may 

15 be of a material in which about 10 to 30 mole% of an oxide such as SiOg, Ge0 2 , Sn0 2 and ln 2 0 3 or a nitride such as 
Si 3 N 4 is added to a crystalline metal chalcogenide such as ZnS, ZnSe, ZnTe, PbS and PbTe. 

Particularly, a material mainly comprised of ZnS added with an oxide is preferable since it is excellent in transpar- 
ency, has a small layer stress and is excellent in adhesion with the recording layer. Further, if the above oxide is Si0 2 , 
the effect of making the layer amorphous is large, the thermal conductivity is small and the material cost is low and 

20 therefore it is particularly preferable. Here, the amount of Si0 2 added to ZnS is preferably 12 to 35% by mole and, 
particularly, around 20% by mole of Si0 2 is most effective as a protecting layer. If the amount of Si0 2 is less than 12% 
by mole, the effect of making the layer amorphous is small and the layer stress is large. If the amount of SiO^ is more 
than 35% by mole, disadvantageous^, the refractive index becomes small, the recording sensitivity is lowered and the 
overwrite durability is deteriorated. At about 20% by mole of Si0 2 , the protecting layer is most effective from the view- 

25 points of the optical properties, the recording sensitivity and the repeated overwrite durability. 

An adhesive layer may be inserted between the recording layer and the protecting layer, i.e., the transparent 
dielectric layer. A preferable adhesive layer in contact with the recording layer of a chalcogen alloy or an oxygen- 
containing chalcogen alloy is a crystalline layer of a metal sulfide having a thickness of 10 to 30 nm. The metal sulfide 
includes ZnS and PbS, but ZnS is particularly preferred since it is excellent in transparency and adhesion with the 

30 recording layer. The thickness of the adhesion layer may be in a range of 10 to 30 nm. If the thickness of the adhesion 
layer is less than 10 nm, the effect of improving the adhesion is insufficient, and if the thickness of the layer is more 
than 30 nm, the repetition durability is deteriorated. 

The substrate is typically made of a plastic. A polycarbonate substrate is excellent since it has excellent mechanical 
properties and has a lower humidity absorption in comparison with other plastics. 

35 A resin layer may be formed on the reflective layer to protect the medium from the environment. This resin protecting 

layer may be made of ultra violet ray-curable resin such as epoxy resins, acrylates, methacrylates and the like. 

The medium comprises, on the substrate and in order, the first transparent dielectric layer, the recording layer, 
optionally the adhesive layer, the second tranparent dielectric layer, the reflective layer and the resin protecting layer. 
These layers from the first tranparent dielectric layer to the reflective layer may be deposited successively and, if 

to necessary, in a vacuum deposition system such as a sputtering system. 

Fig. 1 shows a cross-sectional view of an example of the first embodiment of the present invention, in which the 
reference numeral 1 denotes a substrate, 2 a first tranparent dielectric layer, 3 a recording layer, 4 an adhesive layer, 
5 a second tranparent dielectric layer, 6 a reflective layer and 7 a resin protecting layer. The recording layer 3 is 
characterized by containing oxygen in an amount of 1 to 30 atomic %, in accordance with the first embodiment of the 

45 present invention. 

(2) In the second embodiment of a phase change optical recording medium of the present invention, the recording 
medium further comprises a third transparent dielectric layer between the first transparent dielectric layer and the 
recording layer, the third transparent dielectric layer, in contact with the recording layer, containing oxygen in a molar 
ratio greater than a molar ratio of oxygen is the first transparent dielectric layer (or containing an oxide which contains 
50 oxygen in a molar ratio based on said oxide greater than a molar ratio of oxygen in an oxide in said first transparent 
dielectric layer), said third transparent dielectric layer having a thickness of 1 to 10 nm. 

As described before, when an oxide-containing material is deposited, the deposited oxide tends to have a com- 
position that the content of oxygen is less than the stoichiometric ratio of the oxide and, as a result, the surface of the 
deposited layer becomes non-smooth or rough. Therefore, a recording layer deposited on the non-smooth or rough 
55 surface of the transparent dielectric layer may have a weak bond with the transparent dielectric layer and peeling or 
the formation of cracks may occur. Thus, the overwrite and erase repetition durability of the medium becomes insuffi- 
cient and therefore it is demanded that the overwrite and erase repetition durability of the medium be further improved. 
To meet the above demand, in accordance with the present invention, a third transparent dielectric layer containing 
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an oxide having a composition that the content of oxygen is more than that of the first transparent dielectric layer is 
provided between the first transparent dielectric layer and the recording layer so that the surface of the third transparent 
dielectric layer is smoother than that of the first transparent dielectric layer. As a result, the adhesion of the recording 
layer with the underlying transparent dielectric layer is improved and peeling of the layer, formation of cracks, flow of 
the recording layer and the like which cause a reduction of the repetition durability of the medium are prevented. 

The molar ratio of oxygen based on an oxide means the ratio "x/(1 + x)" if an oxide is represented by MO x . If an 
oxide is represented by M m O n , the molar ratio is n/(m + n). 

A greater molar ratio of oxygen in the third transparent dielectric layer than that in the first transparent dielectric 
layer can be obtained, for example, by sputtering the third transparent dielectric layer, using the same target as the 
target used for the first transparent dielectric layer, in an atmosphere which contains an oxygen-containing gas, while 
the first transparent dielectric layer is deposited in an atmosphere which does not include an oxygen-containing gas. 

Since it is generally preferred that the transparent dielectric layers as the protecting layers of an optical recording 
medium do not contain excess oxygen, it is preferred in the second embodiment of the present invention that only the 
third transparent dielectric layer inserted between the first transparent dielectric layer and the recording layer and in 
contact with the recording layer is formed by sputtering in a mixed gas of an oxygen-containing gas and an inert gas, 
but the other transparent dielectric layers are formed in an inert gas atmosphere without an oxygen-containing gas. 
Although the present invention is not necessarily limited to the first and second transparent dielectric layers deposited 
in a rare gas alone, it is preferred. 

The oxygen-containing gas which can be used for forming the third transparent dielectric layer may be any of the 
gases as mentioned before for forming the oxygen-containing recording layer, concerning the first embodiment of the 
present invention. 

If the thickness of the third transparent dielectric layer is less than 1 nm, the non-smooth or rough surface of the 
first transparent dielectric layer is not compensated for so that the adhesion between the recording layer and the 
underlying transparent dielectric layer is not sufficiently improved and the effect of improving the repetition durability 
is small. If the thickness of the third transparent dielectric layer is more than 10 nm, excess oxygen, for example, 
oxidizes the recording layer during repeated overwrite, resulting in a reduced repetition durability. Further, if the thick- 
ness of the third transparent dielectric layer is more than 10 nm, the layer stress becomes large so that peeling and 
cracking may easily occur and a recording medium having an appropriate sensitivity and reflection is not obtained. 

The first transparent dielectric layer may be basically the same as the first and second transparent dielectric layers 
as described above for the first embodiment of the present invention, except that the oxygen molar ratio of the third 
transparent dielectric layer is lager than that of the first transparent dielectric layer. 

The first and second transparent dielectric layers may be basically the same as those as described above for the 
first embodiment of the present invention. 

In the second embodiment of the present invention, the other elements of the recording medium may be basically 
the same as described for the first embodiment of the present invention except that the recording layer is typically not 
an oxygen-containing layer. 

Fig. 2 shows a cross-sectional view of an example of the second embodiment of the present invention, in which 
the reference numeral 1 denotes a substrate, 2 a first transparent dielectric layer, 12 a third transparent dielectric layer, 
13 a recording layer, 4 a second transparent dielectric layer, 5 a reflective layer and 6 a resin protecting layer. The 
layers similar to the layers in Fig. 1 are denoted by the same reference numerals. 

(3) The same effect as obtained in the above second embodiment of the present invention can be obtained by 
increasing the molar ratio of oxygen in the first transparent dielectric layer which is in contact with the recording layer 
(or the molar ratio of oxygen in the oxide of the layer), in place of the insertion of an oxygen-rich transparent dielectric 
layer between the first transparent dielectric layer and the recording layer 

Such a first transparent dielectric layer can be obtained by sputtering in an atmosphere including an oxygen- 
containing gas, as described for the third transparent dielectric layer. The thickness of the first transparent dielectric 
layer is, however, not changed from the original thickness for the first transparent dielectric layer, typically in a range 
of 50 to 250 nm. 

Since it is generally preferred that the transparent dielectric layers as the protecting layers of an optical recording 
medium do not contain excess oxygen, it is preferred in the third embodiment of the present invention that only the 
first transparent dielectric layer in contact with the recording layer is formed by sputtering in a mixed gas of an oxygen- 
containing gas and an inert gas, but the other transparent dielectric layer(s) be formed in an inert gas atmosphere 
without an oxygen-containing gas. 

In the third embodiment of the present invention, the other elements of the recording medium may be basically 
the same as described for the first or second embodiment of the present invention except that the first transparent 
dielectric layer in contact with the recording layer has a larger oxygen molar ratio than that of the second transparent 
dielectric layer and the recording layer may not be an oxygen-containing layer. 

Fig. 3 shows a cross-sectional view of an example of the third embodiment of the present invention, in which the 
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reference numeral 1 denotes a substrate, 22 a first transparent dielectric layer, 13a recording layer, 4 a second trans- 
parent dielectric layer, 5 a reflective layer and 6 a resin protecting layer. 

In the second and third embodiments of the present invention, the excess oxygen-containing dielectric layer should 
be the first or third dielectric layer which underlies the recording layer and is in contact with the recording layer. This 

5 is because the state (peeling, etc.) of the interface between the recording layer and the underlying dielectric layer has 
a large influence on the deterioration of the repetition durability. If an excess oxygen-containing dielectric layer is 
disposed between the recording layer and the reflective layer, a desired effect is hardly obtained and the durability may 
be reduced. It is considered that an excess oxygen present in the second dielectric layer oxidizes the recording layer 
and the balance of the optical characteristics is reduced. 

io in another aspect of the present invention, there is also provided a process for manufacturing a phase change 

optical recording medium as described above, said process is characterized in one of the following: 

1 ) the recording layer is deposited by sputtering conducted in an atmosphere in which at least one oxygen atom- 
containing gas is included; 

15 2) the first and second transparent dielectric layers are formed by sputtering in a rare gas atmosphere, and the 

third transparent dielectric layer between the first transparent dielectric layer and the recording layer is formed by 
sputtering in an atmosphere comprising a gaseous mixture of at least one oxygen atom -containing gas and a rare 
gas; and 

3) the first transparent dielectric layer is formed by sputtering in an atmosphere comprising a gaseous mixture of 
20 at least one oxygen atom-containing gas and a rare gas, and the second transparent dielectric layer is formed by 

sputtering in a rare gas atmosphere. 



EXAMPLES 



25 (Examples 1 - 3 and Comparative Examples 1 - 3) 

Phase change optical recording media having the structure of a transparent substrate/a first transparent dielectric 
layer/a recording layer/a transparent dielectric adhesive layer/a second transparent dielectric layer/a reflective layer/ 
a UV-curable protecting layer were manufactured. 
30 The sputtering device used was Inline Sputter ILC3l02type (ANELVA Corp.) using a target of 8 inches. The sput- 

tering was carried out while the substrate was being rotated. 

The transparent substrate was a substrate which was to be used for a 650 Mbyte capacity phase change optical 
recording medium (a 120 mm-diameter phase change optical recording medium used in an optical drive LF-1000 type 
manufactured by Matsushita Electric Industry Corp., Ltd.). This substrate was made of a polycarbonate and has tracking 
35 grooves having a track pitch of 1 .2 um and a track width for write of about 0.6 jam. 

The first transparent dielectric layer was a layer of ZnS-Si0 2 , 140 nm thick, formed by sputtering in an Ar gas and 
using a target of ZnS:Si0 2 = 80:20 by mole. 

The recording layer was a 25 nm-thick layer of Ge 2 Sb 2 Te 5 which contains oxygen. 

The transparent dielectric adhesive layer was a layer of ZnS, 25 nm thick, formed by sputtering in Ar gas and using 
40 a target of ZnS. 

The second transparent dielectric layer was a layer of ZnS-Si0 2 , 20 nm thick, formed by sputtering in an Ar gas 
and using a target of ZnS:Si0 2 = 80:20 by mole. 

The reflective layer was a layer of AlCr alloy (AI:Cr = 97:3 by atom) 100 nm thick, formed by sputtering in an Ar gas. 

The UV-curable protecting layer had a thickness of 2 um 
45 In Examples 1 - 3 and Comparative Examples 1 - 2, the recording layer was formed by sputtering in a mixed gas 

of Ar and 0 2 , white the content of oxygen (0 2 ) was varied in a range of 0.5 to 35 atomic %. In Comparative Example 
3, the recording layer was formed by sputtering in an Ar gas alone. 

The content of oxygen in the recording layer was measured by forming the same recording layer, about 1.3 um 
thick, on a silicon substrate under the same conditions as in each Example or Comparative Example and determining 
so the oxygen content by secondary ion mass spectrometry (SIMS). The measured oxygen contents are shown in the 
Table 1 . 

The optical medium samples thus manufactured were evaluated in the following manner. A phase change optical 
medium sample was loaded on an optical disc drive device (LF-1000 type drive, manufactured by Matsushita Electric 
Industry Co., Ltd.). The medium was rotated at 2026 rpm. Overwrite of a signal 1 .5T was repeated using a peak power 
55 of 11 mW and a bias power of 5.5 mW by a semiconductor laser having a wavelength of 780 nm. Reading was done 
at a read power of 1 .0 mW. Thus, the number of repeatable overwrite (verified number) was determined. The measured 
location of the medium was on an about 27 mm diameter circle and the test was repeated on one track near Track No. 
26000 in the innermost data zone. 
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Further, the bit error rate of the sample after 200,000 overwrites was evaluated. The evaluation of the bit error rate 
was carried out by reading the 1.5T signal in an innermost data zone after 200,000 overwrites with 1.5T signals and 
4T signals. The 1 .5T and 4T signals are defined as the shortest and longest signals with a single frequency between 
written marks in the (2,7) modulation recording method, respectively. The abbreviation T" stands for the data bit period. 
5 The results are shown in Table 1 . 



Table 1 



Sample 


Oxygen content (atomic %) 


Overwrite number without defect 
(X 10,000) 


Bit error rate after 200,000 
overwrites 


Com. Ex. 


1 


0 


9 


8/1 0 5 


Com. Ex. 


2 


0.5 


10 


8/1 0 5 


Ex. 1 




1 


16 


7/10^ 


Ex. 2 




15 


30 


4/10© 


Ex. 3 




30 


20 


8/1 0 6 


Com. Ex. 


3 


35 


10 


8/1 0 s 



In Examples 1 - 3, a deformed wave shape of the reproduced signal caused by peeling of the layer or formation 
of cracks was not observed. The repeatable overwrite numbers were 160,000 times to 300,000 times and the bit error 
rates were low, 8 X 10 6 to 4/1 0 6 . 

It can be seen from the above that the effect of improving the overwritable number is obtained when the oxygen 
content was in a range of 1 to 30 atomic %. If the oxygen content was less than 1 atomic %, the effect of improving 
the overwritable number was not seen, and if the oxygen content was more than 30 atomic %, the overwritable number 
decreased. 

(Examples 4 - 6 and Comparative Examples 3 - 5) 

In these Examples and Comparative Examples, the procedures as in Examples 1 - 3 were repeated to manufacture 
and evaluate phase change optical recording media except that the recording layer was formed by sputtering in a 
mixed gas of Ar and 0 2 with an oxygen partial pressure being in a range of 6.7 mPa to 2.7 Pa. 

The results are shown in Table 2. 



Table 2 



35 


Sample 


Oxygen gas partial pressure 
(Pa) 


Overwrite number without 
defect (X 10,000) 


Bit error rate after 200,000 
overwrites 




Com. Ex. 4 


0.0067 


10 


9/1 0 5 




Ex. 4 


0.027 


15 


9/1 0 6 


40 


Ex. 5 


0.13 


30 


5/1 0 6 


Ex.6 


1.1 


20 


7x1 0 6 




Com. Ex. 5 


2.7 


10 


6/105 



It can be seen from the above that the oxygen partial pressure in a range of 1 5 mPa to 1 .5 Pa is adequate to 
improve the overwritable number. If the oxygen partial pressure is less than 1 5 mPa, the effect of improving the over- 
writable number is not seen, and if the oxygen partial pressure is more than 1 .5 Pa, the overwritable number decreases. 



(Examples 7 - 9) 

The procedures as in Examples 1 - 3 were repeated to manufacture and evaluate phase change optical recording 
media except that the recording layer was formed by sputtering in a mixed gas of Ar and an oxygen-containing gas, i.e., 
Ar/H 2 0 with a H 2 0 partial pressure of 0.67 Pa (Example 7), Ar/C0 2 with a C0 2 partial pressure of 0.1 3 Pa (Example 8) 
or Ar/CO with CO partial pressure of 0.67 Pa (Example 9). 

The results are shown in Table 3. 
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Table 3 



Sample 


Recording layer sputter gas 


Overwrite number without defect 
(X 10,000) 


Bit error rate after 200,000 
overwrites 


Ex. 7 


Ar/H 2 0 


20 


8/1 0 6 


Ex. 8 


Ar/C0 2 


25 


6/1 0 6 


Ex. 9 


Ar/CO 


18 


9/1 0 6 



10 (Examples 10-14 and Comparative Examples 6 - 8) 



25 



40 



Phase change optical recording media having a structure of a transparent substrate/a first transparent dielectric 
layer/a third transparent dielectric layer/a recording layer/a second transparent dielectric tayer/a reflective layer/a UV- 
curable protecting layer were manufactured. 

The sputtering device used was Inline Sputter ILC3l02type (ANELVA Corp.) using a target of 8 inches. The sput- 
tering was carried out while the substrate was being rotated. 

The transparent substrate was a substrate which was to be used for a 650 Mbyte capacity phase change optical 
recording medium (a 120 mm-diameter phase change optical recording medium used in an optical drive LF-1000 type 
manufactured by Matsushita Electric Industry Corp., Ltd.). This substrate was made of a polycarbonate and has tracking 
grooves having a track pitch of 1 .2 um and a track width for write of about 0.6 u,m. 

The first transparent dielectric layer was a layer of ZnS-Si0 2 , 140 nm thick, formed by sputtering in an Ar gas and 
using a target of ZnS:Si0 2 = 80:20 by mole. 

The third transparent dielectric layer was a layer of ZnS-Si0 2 , formed by sputtering in a mixed gas of Ar and 0 2 
and using a target of ZnS:Si0 2 = 80:20 by mole. The thickness of the third transparent dielectric layer was varied in a 
range of 0 - 15 nm in Examples 10-14 and Comparative Examples 6 - 8. 

The recording layer was a 25 nm-thick layer of Ge 2 Sb 2 Te 5 sputtered in an Ar gas. 

The second transparent dielectric layer was a layer of ZnS-Si0 2 , 40 nm thick, formed by sputtering in an Ar gas 
and using a target of ZnS:Si0 2 = 80:20 by mole. 

The reflective layer was a layer of AlCr alloy (AI:Cr = 97:3 by atom) 100 nm thick, formed by sputtering in an Ar gas. 
The UV-curable protecting layer had a thickness of 2 u.m. 

In Examples 10 - 14 and Comparative Examples 5-11, the molar ratio of oxygen of the first to fourth transparent 
dielectric layers of ZnS-Si0 2 was determined by forming the same transparent dielectric layer as each of the layers 
except that the thickness was about 110 nm on a silicon substrate and measuring the refractive index of the layer. An 
increase in oxygen content of the layer can be confirmed by decrease in the refractive index of the layer. 

In Examples 1 0 - 14, the refractive index of the third transparent layer of ZnS-Si0 2 was about 2.00. In Comparative 
Examples 6-8, the refractive index of the third transparent layer of ZnS-Si0 2 was about 2.14. From this measurement, 
it was confirmed that the oxygen content of the ZnS-Si0 2 layer was increased when the layer was formed by sputtering 
in a mixed gas of Ar and 0 2 , in comparison with when formed in an Ar gas alone. Incidentally, the refractive index of 
the oxygen -treated ZnS-Si0 2 was 2.00 and that of the non-oxygen-treated ZnS-Si0 2 was 2.14, in all the following 
Examples and Comparative Examples. 

The results are shown in Table 4. 



Table 4 



Sample 


Thickness of 3rd dielectric layer 
(nm) 


Overwrite number without 
defect (x 10,000) 


Bit error rate after 200,000 
overwrites 


Com. Ex. 


6 




0 


9 


8/1 0 5 


Com. Ex. 


7 




0.5 


10 


8/1 0 s 


Ex. 10 






1 


15 


8/1 0 6 


Ex. 11 






3 


18 


7/1 0 6 


Ex. 12 






5 


24 


5/1 0 6 


Ex. 13 






7 


20 


6/106 


Ex. 14 






10 


15 


9/106 


Com. Ex. 


8 




15 


10 


8/1 0 s 



In Examples 10-14, the repeatable overwrite number was high, above 150,000, and the bit error rate was small, 
less than 9/1 0 s . In Comparative Examples 5 - 7, the repeatable overwrite number was not more than 100,000, which 
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is a level acceptable to a practical use but with a low reliability, and the bit error rate was high, not less than 8/1 0 5 . 

From the above results, it was seen that excellent characteristics, with a less-disordered wave shape of the re- 
produced signal, could be obtained when the third transparent dielectric layer had a thickness in a range of 1 to 10 
nm. If the thickness of the third transparent dielectric layer was less than 1 nm, the non-smooth surface of the first 

s transparent dielectric layer caused by insufficient oxygen was not compensated for and the effect of improving the 
overwrite repetition characteristics is small. If the thickness of the third transparent dielectric layer was more than 10 
nm, too much oxygen affected the recording layer by oxidizing etc., during repeated overwrite and the repeatable 
number of overwrites was lowered. Further, if the thickness of the third transparent dielectric layer was more than 10 
nm, the layer stress becomes larger, causing peeling and cracking, and an adequate sensitivity and reflection of the 

w medium were not obtained. 

(Examples 15 - 17) 

The procedures as in Examples 10 - 14 were repeated to manufacture and evaluate phase change optical recording 
1$ media, except that the third transparent dielectric layer was formed by sputtering in a mixed gas of Ar and HgO (Example 
15), in a mixed gas of Ar and C0 2 (Example 16), or in a mixed gas of Ar and CO (Example 17) and had a thickness 
of 5 nm in Examples 15 - 17. 

The results are shown in Table 5. 

20 Table 5 



25 



Sample 


Sputter gas for 3rd dielectric 
layer 


Overwrite number without defect 
(X 10,000) 


Bit error rate after 200,000 
overwrites 


Ex. 15 


Ar/H 2 0 


15 


6/1 0 6 


Ex. 16 


Ar/C0 2 


15 


7/106 


Ex. 17 


Ar/CO 


14 


8/106 



In these Examples, a deformed wave shape of the reproduced signal, caused by peeling or cracking was not seen. 
The repeatable overwrite numbers were 140,000 or more and the bit error rates were 6/1 0 6 or less. 

30 

(Comparative examples 9-10) 

The procedures as in Examples 10-14 were repeated to manufacture and evaluate phase change optical recording 
media, except that the second and third transparent dielectric layers were formed by sputtering in an Ar gas alone and 
35 the first transparent dielectric layer was formed by sputtering in a mixed gas of Ar and 0 2 (Comparative Example 8), 
and the second and third transparent dielectric layers were formed by sputtering in a mixed gas of Ar and O^ and the 
first transparent dielectric layer was formed by sputtering in an Ar gas alone (Comparative Example 9), as shown in 
Table 6. 

40 Table 6 



Dielectric layer 


1st 


3rd 


2nd 


4th 


Com. Ex. 9 


Ar/0 2 


Ar 


Ar 


non 


Com. Ex. 10 


Ar 


Ar/0 2 


Ar/0 2 


non 


Com. Ex. 11 


Ar 


non 


Ar/0 2 


Ar 


Com. Ex. 12 


Ar/0 2 


Ar 


Ar 


Ar/0 2 


Com. Ex. 13 


Ar 


Ar/0 2 


Ar/0 2 


Ar 



The results are shown in Table 7. 

50 

Table 7 



Sample 


Overwrite number without defect (X 10,000) 


Bit error rate after 200,000 overwrites 


Com. Ex. 


9 


7 


6/1 0 s 


Com. Ex. 


10 


6 


8/1 0 s 


Com. Ex. 


11 


7 


8/1 0 s 


Com. Ex. 


12 


10 


6/1 0 s 
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Table 7 (continued) 



Sample 


Overwrite number without defect (x 10,000) 


Bit error rate after 200,000 overwrites 


Com. Ex. 13 


e 


7/1 0 5 



In Comparative example 9, a significantly deformed wave shape of the reproduced signal caused by peeling or 
cracking was observed. The repeatable overwrite number was low, 70,000 times, and the bit error rate was high, 6/1 0 5 . 
It is supposed that the flow of the recording layer was suppressed by an increased layer strength of the first transparent 
dielectric layer, but the deformation of the wave shape of the reproduced signal increased due to separation between 
the third transparent dielectric layer and the recording layer 

In Comparative example 10, a significantly deformed wave shape of the reproduced signal caused by peeling or 
cracking was observed. The repeatable overwrite number was low, 60,000 times, and the bit error rate was high, 8/1 0 5 . 
It is supposed that the flow of the recording layer was suppressed by an increased adhesion between the third trans- 
parent dielectric layer and the recording layer, but the deformation of the wave shape of the reproduced signal increased 
since the recording layer was oxidized and the adhesion between the second transparent dielectric layer and the 
reflective layer decreased due to sputtering of the second transparent dielectric layer in a mixed gas of Ar and O^. 

(Comparative example 11) 

A phase change optical recording medium having the structure of a transparent substrate/a first transparent die- 
lectric layer/a recording layer/a second transparent dielectric layer/a fourth transparent dielectric layer/a reflective layer/ 
a UV-curable protecting layer was manufactured, in the procedures similar to those as in Examples 10 - 14, but the 
first and fourth transparent dielectric layers were formed by sputtering in an Ar gas and the second transparent dielectric 
layer was formed by sputtering in a mixed gas of Ar and 0 2 . 

The results are shown in Table 7. 

In Comparative example 11, a significantly deformed wave shape of the reproduced signal caused by peeling or 
cracking was observed. The repeatable overwrite number was low, 70,000 times, and the bit error rate was high, 8/1 0 s . 
It is supposed that the deformation of the wave shape of the reproduced signal increased since the recording layer 
was oxidized due to the second transparent dielectric layer formed by sputtering in a mixed gas of Ar and and the 
adhesion of the first transparent dielectric layer with the recording layer was low. 

(Comparative Example 1 2) 

A phase change optical recording medium having the structure of a transparent substrate/a first transparent die- 
lectric layer/a third transparent dielectric layer/a recording layer/a second transparent dielectric layer/a fourth trans- 
parent dielectric layer/a reflective layer/a UV-curable protecting layer were manufactured, in the same procedures as 
in Examples 10-14. 

However, the first and fourth transparent dielectric layers were formed by sputtering in a mixed gas of Ar and 
and the second and third transparent dielectric layers were formed by sputtering in an Ar gas alone. 

The obtained phase change optical recording medium was evaluated for the repetition characteristics of overwriting 
in the same manner as for Examples 10-14. 

In Comparative Example 12, a deformed wave shape of the reproduced signal caused by peeling or cracking was 
not observed but the repeatable overwrite number was 100,000 times which is acceptable in practical use but low in 
reliability and the bit error rate was high, 6/1 0 s . 

It is supposed that the adhesion between the recording layer and the third transparent dielectric layer formed by 
sputtering in an Ar gas alone was low so that sufficient repetition durability was not exhibited. It is also supposed that 
the oxygen-containing fourth transparent dielectric layer had an increase layer strength but had a reduced adhesion 
with the reflective layer so that the repetition durability was lowered. 

(Comparative example 1 3) 



55 



A phase change optical recording medium having the structure of a transparent substrate/a first transparent die- 
lectric layer/a third transparent dielectric layer/a recording layer/a second transparent dielectric layer/a fourth trans- 
parent dielectric layer/a reflective layer/a UV-curable protecting layer was manufactured, in the procedures similar to 
those as in Examples 10-14, but the first and fourth transparent dielectric layers were formed by sputtering in an Ar 
gas and the second and third transparent dielectric layers were formed by sputtering in a mixed gas of Ar and O^. 

The results are shown in Table 7. 
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In Comparative example 11 , a significantly deformed wave shape of the reproduced signal caused by peeling or 
cracking was observed. The repeatable overwrite number was low, 80,000 times, and the bit error rate was high, 7/1 0 5 . 
It is supposed that the flow of the recording layer was suppressed by an increased adhesion between the third trans- 
parent dielectric layer and the recording layer, but the deformation of the wave shape of the reproduced signal increased 
5 since the recording layer was oxidized and the separation between the second transparent dielectric layer and the 
recording layer occurred due to the second transparent dielectric layer formed by sputtering in a mixed gas of Ar and O^. 

It can be seen from the above Examples 10-17 that in a phase change optical recording medium comprising a 
substrate, a first transparent dielectric layer, a third transparent dielectric layer, a recording layer, a second transparent 
dielectric layer and a reflective layer, an excellent repeated overwrite and erase durability can be obtained in accordance 
10 with the present invention by inserting a third transparent dielectric layer containing oxygen in a higher molar ratio than 
the first and second transparent dielectric layers and making the thickness of the third transparent dielectric layer in a 
range of 1 to 10 nm. While an Ar gas was used in the above Examples, other rare gases may be used to obtain similar 
effects. 

1$ (Example 18) 

A phase change optical recording medium having the structure of a transparent substrate/a first transparent die- 
lectric layer/a recording layer/a second transparent dielectric layer/a reflective layer/a UV-curable protecting layer were 
manufactured, in the same procedures as in Examples 10-14. 
20 However, the first transparent dielectric layer was a layer of ZnS-Si0 2 , 140 nm thick, formed by sputtering in a 

mixed gas of Ar and 0 2 and using a target of ZnS:Si0 2 = 80:20 by mole. 

The obtained phase change optical recording medium was evaluated for the repetition characteristics of overwrite 
in the same manner as for Examples 10 - 14. 

The atmospheres used for forming the transparent dielectric layers are summarized in Table 8. 
25 It was confirmed that the first transparent dielectric layer was a layer of ZnS-Si0 2 formed by sputtering in a mixed 

gas of Ar and 0 2 contained oxygen in a molar ratio higher than that of the transparent dielectric layer of ZnS-Si0 2 
formed by sputtering in an Ar gas alone, in the same method (refractive index method) used in Examples 10 - 14. 

The results are shown in Table 9. 

30 Table 8 



Dielectric layer 


1st 


3rd 


2nd 


4th 


Ex. 18 


Ar/0 2 


non 


Ar 


non 


Com. Ex. 14 


Ar 


non 


Ar 


non 


Com. Ex. 15 


Ar 


non 


Ar/0 2 


non 


Com. Ex. 16 


Ar/0 2 


non 


Ar/0 2 


non 


Ex. 19 


Ar/H 2 0 


non 


Ar 


non 


Ex. 20 


Ar/C0 2 


non 


Ar 


non 


Ex. 21 


Ar/CO 


non 


Ar 


non 



The results are shown in Table 9. 



Table 9 



Sample 


Overwrite number without defect (X 10,000) 


Bit error rate after 200,000 overwrites 


Ex. 18 


20 


7/106 


Com. Ex. 14 


9 


8/1 0 5 


Com. Ex. 15 


6 


8/1 0 5 


Com. Ex. 16 


7 


7/1 0 5 


Ex. 19 


15 


6/1 0 6 


Ex. 20 


15 


7/1 0 6 


Ex. 21 


14 


8/1 0 6 



55 In Example 1 8, a deformed wave shape of the reproduced signal caused by peeling or cracking was not observed. 

The repeatable overwrite number was high, 200,000 times, and the bit error rate was low, 7/1 0 6 . 
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(Comparative Example 14) 

The same procedures as in Example 18 were repeated to manufacture and evaluate a phase change optical 
recording medium, but the first and second transparent dielectric layers were formed by sputtering in an Ar gas alone. 
5 In Comparative Example 14, a deformed wave shape of the reproduced signal caused by peeling of the layer or 

formation of cracks was not observed, but the repeatable overwrite number was 90,000 times which is acceptable in 
practical use but is low in reliability. Further, the bit error rate was high, 8/1 0 5 . 

(Comparative Example 1 5) 

10 

The same procedures as in Example 18 were repeated to manufacture and evaluate a phase change optical 
recording medium, but the first transparent dielectric layer was formed by sputtering in an Ar gas alone and the second 
transparent dielectric layer was formed by sputtering in a mixed gas of Ar and 0 2 . 

In Comparative Example 15, a significantly deformed wave shape of the reproduced signal caused by peeling or 
is cracking was observed and the repeatable overwrite number was 60,000 times and the bit error rate was high, 8/1 0 s . 

it is supposed that the flow of the recording layer was suppressed by an increased adhesion between the second 
transparent dielectric layer and the recording layer, but the deformation of the wave shape of the reproduced signal 
increased since the recording layer was oxidized and the adhesion between the second transparent dielectric layer 
and the reflective layer decreased due to the second transparent dielectric layer formed by sputtering in a mixed gas 
20 of Ar and 0 2 . 

(Comparative Example 16) 

The same procedures as in Example 18 were repeated to manufacture and evaluate a phase change optical 
25 recording medium, but the first and second transparent dielectric layers were formed by sputtering in a mixed gas of 
Ar and 0 2 . 

In Comparative Example 16, a significantly deformed wave shape of the reproduced signal caused by peeling or 
cracking was observed and the repeatable overwrite number was 70,000 times and the bit error rate was high, 7/10*. 

It is supposed that the flow of the recording layer was suppressed by an increased adhesion between the first and 
30 second transparent dielectric layers and the recording layer, but the deformation of the wave shape of the reproduced 
signal increased since the recording layer was oxidized and the adhesion between the second transparent dielectric 
layer and the reflective layer decreased due to the second transparent dielectric layer formed by sputtering in a mixed 
gas of Ar and 0 2 . 

35 (Examples 19 -21) 

The same procedures as in Example 18 were repeated to manufacture and evaluate phase change optical record- 
ing media, but the first transparent dielectric layer was formed by sputtering in a mixed gas of Ar and h^O (Example 
19), in a mixed gas of Ar and CO s (Example 20), or in a mixed gas of Ar and CO (Example 21). 
40 in Examples 19 - 21, a deformed wave shape of the reproduced signal caused by peeling or cracking was not 

observed. 

In Example 19, the repeatable overwrite number was 150,000 times and the bit error rate was low, 6 X 10 6 . 
In Example 20, the repeatable overwrite number was 150,000 times and the bit error rate was low, 7 X 10 6 . 
In Example 21, the repeatable overwrite number was 140,000 times and the bit error rate was low, 8 x 10 6 . 
45 It is demonstrated from the above Examples 18-21 that in a phase change optical recording medium comprising 

a substrate, a first transparent dielectric layer, a recording layer, a second transparent dielectric layer and a reflective 
layer, an excellent repeated overwrite and erase durability can be obtained in accordance with the present invention 
by making the first transparent dielectric layer in contact with the recording layer contain oxygen in a higher molar 
amount than the second transparent dielectric layer. While an Ar gas was used in the above Examples, other rare 
50 gases may be used to obtain similar effects. 



Claims 

1. In a phase change optical recording medium in which writing, reading and/or erasing of information is conducted 
by utilizing a change of phase of a recording layer by irradiation with light, said recording medium comprising a 
substrate, a first transparent dielectric layer on the substrate, a recording layer on the first transparent dielectric 
layer, a second transparent dielectric layer on the recording layer, and a reflective layer on the second transparent 
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dielectric layer, an improvement is comprised of one of the following: 

1) said recording layer is made of a material containing oxygen in an amount of 1 to 30 atomic % based on 
the recording layer; 

5 2) said recording medium further comprises a third transparent dielectric layer between said first transparent 

dielectric layer and said recording layer, said third transparent dielectric layer contacting with said recording 
layer and containing oxygen in an atomic ratio greater than an atomic ratio of oxygen in said first transparent 
dielectric layer, said third transparent dielectric layer having a thickness of 1 to 10 nm; and 
3) said first transparent dielectric layer in contact with said recording layer contains oxygen in a molar ratio 

10 greater than a molar ratio of oxygen in said second transparent dielectric layer. 

2. The phase change optical recording medium according to claim 1 3 wherein said recording layer is made of a 
material containing oxygen in an amount of 1 to 30 atomic %. 

15 3. The phase change optical recording medium according to claim 2, wherein said recording layer comprises a chal- 
cogen alloy. 

The phase change optical recording medium according to claim 3, wherein said recording layer comprises Ge, 
Sb, and Te. 

The phase change optical recording medium according to claim 2, wherein an adhesive layer of a metal sulfide is 
further inserted between said recording layer and at least one of said first and second transparent dielectric layers 
which are in contact with said recording layer. 

The phase change optical recording medium according to claim 2, wherein said recording layer is made of a 
material containing oxygen in an amount of 3 to 15 atomic %. 

The phase change optical recording medium according to claim 1, wherein said recording medium comprises a 
third transparent dielectric layer between said first dielectric layer and said recording layer, said third transparent 
dielectric layer contacting with said recording layer and containing oxygen in a molar ratio greater than a molar 
ratio of oxygen in said first transparent dielectric layer, said third transparent dielectric layer having a thickness of 
1 to 10 nm. 

The phase change optical recording medium according to claim 7, wherein said first and third transparent dielectric 
layers are amorphous. 

The phase change optical recording medium according to claim 7, wherein said first and third transparent dielectric 
layers comprise ZnS added with 12 to 35 mol% of SiO*. 

The phase change optical recording medium according to claim 7, wherein said recording layer comprises a chal- 
cogen alloy. 

The phase change optical recording medium according to claim 7, wherein said recording layer comprises Ge, 
Sb, and Te. 

The phase change optical recording medium according to claim 7, wherein an adhesive layer of a metal sulfide is 
further inserted between said recording layer and at least one of said first and second transparent dielectric layers 
which are in contact with said recording layer. 

The phase change optical recording medium according to claim 1 , wherein said first transparent dielectric layer in 
contact with said recording layer contains oxygen in a molar ratio greater than a molar ratio of oxygen in said 
second transparent dielectric layer. 

14. The phase change optical recording medium according to claim 13, wherein said first and second transparent 
dielectric layers are amorphous. 

15. The phase change optical recording medium according to claim 13, wherein said first and second transparent 
dielectric layers comprise ZnS added with 12 to 35 mol% of SiOx. 



4. 



25 6. 



8. 



9. 



40 10. 



11. 



12. 



50 13. 
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16. The phase change optical recording medium according to claim 13, wherein said recording layer comprises a 
chalcogen alloy. 

17. The phase change optical recording medium according to claim 13, wherein said recording layer comprises Ge, 
Sb, and Te. 

18. The phase change optical recording medium according to claim 13, wherein an adhesive layer of a metal sulfide 
is further inserted between said recording layer and at least one of said first and second transparent dielectric 
layers which are in contact with said recording layer. 

19. In a process for manufacturing a phase change optical recording medium in which writing, reading and/or erasing 
of information is conducted by utilizing change of phase of a recording layer by irradiation with light, said process 
comprising the steps of preparing a substrate, forming a first transparent dielectric layer on the substrate, forming 
a recording layer on the first transparent dielectric layer, forming a second transparent dielectric layer on the re- 
cording layer, and forming a reflective layer on the second transparent dielectric layer, an improvement is comprised 
of one of the following: 

1 ) said recording layer is formed by sputtering conducted in an atmosphere in which at least one oxygen atom- 
containing gas is included; 

2) said process further comprises a step of forming a third transparent dielectric layer between said first trans- 
parent dielectric layer and said recording layer, said first and second transparent dielectric layers being formed 
by sputtering in a rare gas atmosphere and said third transparent dielectric layers being formed by sputtering 
in an atmosphere comprising a gaseous mixture of a rare gas and at least one oxygen atom-containing gas, 
said third transparent dielectric layer having a thickness of 1 to 10 nm; and 

3) said first transparent dielectric layer is formed by sputtering in an atmosphere comprising a gaseous mixture 
of a rare gas and at least one oxygen atom-containing gas, and said second transparent dielectric layer is 
formed by sputtering in a rare gas atmosphere. 
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Fig. 2 
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